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This  rr port  give*  the  acoustic  directivity  patterns  (or  the  LAW  and  TOW  antitank 
weapons  and  three  routinely  used  weapon  simulators.  These  data  supplement  the  direcii'ity 
pattern  data  measured  and  analysed  by  the  U.S.  Army  Construction  Engineering  Research 
Laboratory  (CERL)  for  other  weapons  in  the  Army  inventory,  as  reported  in  CERL 
Technical  Report  N-60  (January  1961).  These  supplemental  data  have  been  included  in  the 
CTRL  developed  Integrated  Noise  Contour  System  (INCS)  and  its  associated  btasi-noise 
prediction  computer  program,  BNOISE  3.2.  The  Army  Environmental  Hygiene  Agency 
(AEHA)  uses  CERL's  INCS/ BNOISE  3.2  prediction  program  to  help  installations  imple¬ 
ment  the  Army's  Installation  Compatible-Use  Noise  Zone  Program  (ICUZ).  fT' 
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ACOUSTIC  DIRECTIVITY  PATTERNS 
FOR  ARMY  WEAPONS:  SUPPLEMENT  1 


1  INTRODUCTION 


Background 

On  20  May  1981,  the  Army  instituted  the  Installation 
Compatible-Use  Noise  Zone  Program  (ICUZ).  Under 
ICUZ,  Army  installations  will  work  with  the  local  civilian 
community  to  find  ways  to  prevent  or  lessen  the  encroach¬ 
ment  of  off-installation  housing  and  other  noise-sensitive 
land  uses  into  arras  that  are,  or  are  likely  to  be,  impacted 
by  Army  training  noise.1 

V.tal  to  the  success  of  the  ICUZ  program  is  a  noise- 
prediction  computer  tool  developed  by  the  U.S.  Army 
Construction  Engineering  Research  Laboratory  (CERL). 
The  Integrated  Noise  Contour  System  (INCS)  creates 
distance-scaled  noise  contours  using  data  on  the  type, 
frequency,  and  time  of  training  operations;  weapon  types 
and  charge  sizes;  and  target  and  firing  point  locations. 
These  contours,  when  overlayed  on  a  map  of  an  installa¬ 
tion  and  its  environs,  identify  existing  or  potential 
conflicts  between  noise  levels  produced  by  training  opera¬ 
tions  and  noise-sensitive  land  uses  on  or  near  an  installa¬ 
tion.  Using  BNOISE  3.2,  the  blast  noise  prediction 
computer  program  associated  with  INCS,  contours  also 
can  be  created  that  predict  how  changes  in  training  range 
operations,  siting,  use  intensity,  and  weapon  types  will 
alter  an  installation's  noise-impact  profile.1  The  Army 
Environmental  Hygiene  Agency  (AEHA)  can  make  noise 
predictions  for  any  Army  installation  using  CERL’s 
INCS/BNOISE  3.2  program. 

One  important  data  type  needed  for  INCS/BNOISE  3.2 
is  the  individual  acoustic  directivity  pattern  associated 
with  most  impulse-noise  producing  weapons  in  the  Army 
inventory.  These  patterns  form  a  standard  module  of  data 
for  the  INCS/BNOISE  3.2  prediction  program. 

CERL  Technical  Report  N-60  lists  directivity  pattern 
data  obtained  during  tests  at  Fort  Sill,  OR,  for  many 
weapons  used  routinely  in  Army  training  (Table  1  ).*  This 


■Paul  V homer,  "Noise  Impact  Prediction  and  Control," 
Military  Engineer,  Volume  74.  Number  479  (April  19tt). 

•Paul  D  Schemer  et  al..  Blast  Noise  Prediction  Volume  l:  Dole 
toms  end  Computational  Procedures,  and  Lincoln  M.  Little  et 
al..  Volume  II:  BNOISE  M  Computer  Program  Description  end 
Program  Luting  Technical  Report  N-99/ADA0B944O  and  ADA 
091933  (U.S.  Army  Construction  Engineering  Research  Labora¬ 
tory  ICERLJ,  March  1991). 

•P  D.  Manner.  L  M.  Little,  and  A.  B.  Hunt.  Acoustic 
three  Watty  Petlmu  for  Army  Weapons,  Technical  Report  N- 
WAD/UMM  it  J.RI.,  January  1979). 


supplement  to  that  report  contains  directivity  pattern  data 
for  the  LAW  and  TOW  antitank  weapons  and  three 
regularly  used  weapon  simulators. 

PurpoM 

The  purpose  of  this  study  was  to  determine  the  acoustic 
directivity  patterns  of  the  LAW  and  TOW  antitank 
weapons  and  three  regularly  used,  impulse-noise  produc¬ 
ing  weapon  simulators. 

Approach 

Noise  measurements  were  made  on  the  LAW  and  TOW 
antitank  weapons  and  on  three  (lash  and  boom  simulators 
at  Fort  Carson,  CO.  The  measurement  method  was 
basically  the  same  as  that  described  in  CERL  Technical 
Report  N-60.  Weapon  firings  were  interspersed  with 
detonations  of  C-4  plastic  explosive.  The  C-4  was  used  to 
"calibrate”  the  site  and  allow  data  to  be  corrected  for  wind 
and  terrain  effects. 

Mod*  of  Technology  Transfer 

The  directivity  patterns  obtained  as  a  result  of  this  study 
have  been  added  to  the  INCS/BNOISE  3.2  input  data  bank 
and  are  available  for  use  by  AEHA  and  all  Department  of 
Defense  activities. 


Table  1 

Weapons  Tested  (Fort  Sill,  OK) 


Weapon  Name 

Model 

8-m.  sell-propelled 

MI1QAI 

105- mm  unk 

M60 

4.2-in.  morur 

MJO 

R  '  -ram  mortar 

- 

106-mm  recoilless  rifles 

M40AI 

90-mm  recoilless  rifles 

M67 

103-ram  howitzer 

MI02 

155- mm  howitzer 

MI09 

8-in.  howitzer 

MHO 

152-mm  Sheridan  (tank  gun) 

M551 

155- mm  howitzer 

MII4 

155- mm  howitzer 

MI09AI 

2  DATA  COLLECTION 

Measurements  were  performed  at  Fort  Canon,  CO.  The 
antitank  weapon  data  source  was  the  normal  training 
operations  of  an  armor  combat  support  company.  The 
simulator*  were  activated  especially  for  the  CERL  mea¬ 
surements.  The  test  site  was  an  open  grassy  field,  the 
standard  type  of  training  range  at  Fart  Canon.  An 
abbreviated  teat  plan  is  given  in  Appendix  A. 

Tart  Saguanoa 

Table  2  tins  die  two  weapons  and  three  simulators 
measured  for  blast  noise  during  the  Fort  Carson  test.  The 
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Table  2 

Weapons  Tested  and  Event  Nam  ben 
(Fo«  Canon,  CO) 


27  March  1MI  2  April  INI  3  April  INI 


Event  No. 

Weapon 

Event  No. 

Weapon 

Event  No. 

Weapon 

1 

C-4 

1 

C-4 

21 

04 

2 

TOW 

2 

C-4 

22 

04 

3 

TOW 

S-7 

Artillery  simulator 

23 

LAW 

4 

C-4 

8 

C-4 

24 

LAW 

5 

TOW 

9 

C-4 

25 

LAW 

6 

TOW 

10-14 

Hand  grenade 

26 

C-4 

simulator 

7 

C-4 

15 

C-4 

27 

04 

8 

C-4 

16-18 

Artillery  flash 

simulator 

19 

C-4 

28 

LAW 

20 

C-4 

29 

LAW 

30 

LAW 

31 

C-4 

32 

C-4 

main  body  of  the  test  used  C-4  plastic  explosive  as  an  CaMbrallon 

omnidirectional  calibration  source.  The  test  sequence  Calibration  was  performed  (1)  at  the  beginning  of  every 

consisted  of  one  blast  of  C-4  followed  by  one  or  more  new  tape,  (2)  at  the  end  of  each  tape  and/or  day,  (S)  when 

events  from  the  weapon  or  device  under  test.  The  C-4  changes  were  made  in  the  equipment  or  equipment 

sound-pressure  level  contours  were  used  to  correct  for  the  placement,  (4)  when  the  equipment  was  first  set  up,  and  (5) 

effects  of  wind  and/or  terrain.  This  is  essentially  the  same  when  any  equipment  malfunction  was  suspected.  The  six 

procedure  used  during  the  original  Fort  Sill  measure-  Endevco  stations  were  calibrated  with  a  BlrK  4220  piston- 
ments.  phone.  CERL  made  special  housings  for  the  Endevco 

microphones  so  the  calibration  could  be  done  using 
HiMUrtminl  Apparatus  standard  laboratory  and  field  devices  (see  Appendix  B).  At 

Each  weapon  or  simulator  was  measured  separately.  For  the  beginning  of  each  FM  tape,  the  calibration  tone  was 

each  measurement  series,  microphones  were  deployed  in  a  recorded  for  about  15  seconds  at  the  measurement  ape 

concentric  ring.  A  radius  of  about  600  ft  (183  m)  was  used  speed  of  60  in./second  (1524  mm/second).  The  BltK  4921 

for  the  antitank  weapon  measurements,  and  a  radius  of  system  was  calibrated  initially  using  the  BIcK-type  4220 

250  ft  (75  m)  was  used  for  the  simulator  derices.  Each  test-  piston  phone.  Subsequent  calibrations  were  performed 

series  ring  consisted  of  six  microphones  placed  at  60s  using  its  internal  1000-Hr  electrostatic  actuator, 

intervals  around  the  firing  point,  as  shown  in  Figure  I. 

The  microphones  were  Endevco  piesoresistive  trans¬ 
ducers  close-coupled  to  CERL-built  preamplifiers  and 
line  drivers.  (Appendix  B  describes  the  Endevco  device  and 
the  CERL  preamplifiers.)  Each  microphone  was  wired  to 
the  CERL  mobile  field  acoustics  laboratory,  where  the 
signal  seat  recorded  on  an  Ampex  PR  2230 14-channel  FM 
recorder.  For  comparison,  a  standard  BfcK-rype  4921 
outdoor  microphone  system  teas  located  at  Station. 7, 
wired  to  the  CERL  van,  and  its  signal  recorded.  However, 
the  peak  levels  registered  by  the  BlrK  4921  system  were 
"clipped,"  because  they  were  larger  than  the  maximum 
level  capability  of  the  BfcK  4921. 

During  the  test,  the  measurement  plan  (Appendix  A) 
had  to  be  modified  because  the  simulators  and  the  LAW 
rocket  produced  too  little  noise  to  be  measured  at  600  ft 
( 182  m).  So,  the  lest  radius  was  changed  to  290  ft  (72  mV 
Thesiarof  the  C-4  calibration  was  reduced  from  9  tol-l,  ' 
lb  (2.2  id  0.S  kg). 


3  DATA  REDUCTION 


Primary  dam  tedt  .lion  was  done  using  the  CERL- 
developed  True-Integrating  Environmental  Note  Monitor 
and  Sound-Exposure  Level  Meter.*  This  data  reduction 
resulted  in  a  measure  of  the  flat-weighted  and  C  weighted 
sound  exposure  level  (FSEL  and  CSEL).  The  Norland 
computing  oscilloscope  was  used  to  amaatmt  flat  weigh  ted 
and  C- weighted  peak  data  lor  each  event.  Background 

recorded  4mi  noi  far  cMMfh  iIknc  dK  no4tt  Wvd  m  fee 
valid.  Appendix  C  Kate  analymd  data  hy  cvonL 


'Asms  Auristk  «  aL,  TW-fwtsgmNng  CmtsanutsMal  Masai 
NatNssfharilgamMMmrihaaflhMilfF, 

utd  APANN8!  (CBL  May  NW  Jam  WIRandNauh  INN 


Figure  1.  Location  of  measurement  microphones. 


Each  data  event  or  series  of  even's  was  first  corrected  by 
the  adjacent  (in-time)  C-4  calibration  events.  A  set  of 
numbers  was  found  for  the  C-4  events  just  before  and  after 
the  weapon  or  device  eventfs)  and  used  to  correct  the  C-4 
data  to  an  omnidirectional,  hemispherical  (actually  cir¬ 
cular  in  the  ground  plane)  radiating  source.  The  event  data 
were  averaged  by  microphone  and  corrected  by  the  set  of 
numbers  found  to  convert  the  C-4  to  a  perfect  circular 
source.  These  averages  are  listed  in  Appendix  O.  Similar 
weapons  or  sources  (after  correction  by  adjacent  C-4 
calibrations)  were  then  combined  (energy-averaged  by 
microphone)  to  form  the  overall  weapon  or  device  direc¬ 
tivity  pattern.  Corrections  were  made  to  form  a  sym¬ 
metrical  pattern.  Appendix  D  lists  the  resultant  data  by 
weapon  or  device. 

Table  S  lists  the  data  as  they  are  included  in  the  BN  OISE 
S.2  weapons  input  table.  Table  S  is  baaed  on  the  data  given 
in  Appendix  D.  hi  the  table,  data  for  the  simulators  are 
adjusted  to  they  ate  relative  to  5  lb  (U  kg)  of  C-4  on  the 
ground  (as  required  by  BNOISE  3.2).  rather  than  the  1-1/4 
lb  (0.S  kg)  used  in  the  test.  A  conversion  factor  of  5dedbels 
(d>)  was  used.*  The  reference  distance  was  290'm.  At  (Ids 
distance,  5  lb  <2.2  kg)  of  04  exploded  on  die  ground 
typically  produces  a  CSEL  of  ItB  dB. 

ifaid  D.  Schomer.etal.,  Bku  Noi*  Pmiktion  Kolumf  1: Urns 
turn  mi  Computational  fhorrdwts.  Technical  Began  N- 
W  ADAMB44*  (CMU,  March  1901). 


CONCLUSIONS 


The  report  gives  the  acoustic  directivity  patterns  for  the 
LAW  and  TOW  antitank  weapons  and  three  routinely 
used  weapon  simulators  measured  at  Fort  Carson,  CO. 
The>e  data  supplement  the  pattern  data  presented  in 
CEfEL  Technical  Report  N40.  These  supplemental  pat¬ 
tern  data  will  be  included  in  the  weapon  directivity  pattern 
load  module  of  BNOISE  S.2  and  made  available  to  users  of 
the  CERL-devetoped  INCS. 

The  oolite  need  to  vary  the  original  test  plan  indicates 
tome  of  the  problems  in  attempting  to  specify  standard 
measurements  for  the  directivity  pattern  of  Army  weapons. 
Some  of  the  devices  were  such  that  the  planned  measure¬ 
ment  distance  had  so  be  reduced  from  MR  to  2M  ft  ( 182  to  76 
at).  The  C-4  calibration  charge  aha*  had  to  be  reduced  from 
(our  sticks  to  I  stick  (Le..  from  5  so  M/4  lb(t_2  to 03  kg)). 

without  showing  suffiriem  repeatability  over  time  (the 
same  weapon  measured  kt  the  mare  phtce  but  at  different 
dares),  repeatability  am  potidow  (the  tame  weapon 
measured  in  tfiflcreiM  luauiom  at  iilfcrem  drees),  and 
uadi  enough  is  known  about  each  type  of  weapon  so 
adsqaatety  specify  measurenrem  dhaanore  srod batthration 
dnrgeriat. 
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APPENDIX  A: 

TOST  PLAN  FOR  ROCKET  NOISE 
MEASUREMENTS 
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A  1  k ground  literature  study  was  ix-rforimxl  on  the 
sources  and  levels  of  noise  generated  by  rockets.  This  study 
indicates  that  very  little  far-field  data  exist  on  rocket  noise 
emissions  other  than  for  the  very  large  ballistic-missile 
types  of  rockets.  For  the  small  rockets,  interest  has  centered 
primarily  on  the  noise  encountered  at  the  operator's  ear. 
For  preliminary  work,  the  Army  Environmental  Hygiene 
Agency  (AEHA)  has  equated  the  pounds  of  propellant  to 
the  far-field  pressure  in  a  like  manner  to  explosions  of  C-4 
plastic  explosive  or  TNT.  Indeed,  some  recent  work  in  the 
United  Kingdom  by  Clayden,  Walters,  and  Hillman 
supports  this  concept.  They  say,  ". . .  in  the  near  field,  the 
shock  strength  depends  strongly  on  the  detailed  mech¬ 
anism  of  the  starting  process,  hence  there  is  some  scope  for 
noise  teduction,  but  in  the  far  field  it  is  primarily 
dependent  on  the  total  energy  released.”'  Basically,  the 
small  rockets  appear  to  produce  most  o.  their  noise  from 
the  bursting  of  a  plug  or  membrane  when  the  engine 
ignites  and  from  the  subsequent  shock  wave  formed  by  the 
engine  bum.  However,  the  small  amount  of  data  which  do 
exist  indicate  a  fairly  extreme  directivity  pattern  for  the 
noise  emission-,  from  small  rockets. 


To  test  ih<  preliminary  hypothesis  that  the  primary 
noise  of  interest  was  the  burst  which  comes  at  or  just  after 
ignition  of  the  rocket  engine,  simple  measurements  were 
performed  on  a  DRAGON  missile  at  Fort  Beuning,  GA. 
Typical  recorded  waveforms  are  shown  in  Figure  Al. 
These  waveforms  arc  classical  shock  wave  signatures, 
identical  to  those  generated  by  explosives.  Thus,  the 
literature  search  and  the  preliminary  measurements  at  Fort 
Benning  show  that  (1)  small  rockets  can  be  modeled 
identically  to  other  impulsive  weapon  systems  such  as 
armor  or  artillery  and  (2)  the  detailed  directivity  pattern  of 
each  weapon  must  be  measured  similarly  to  those  already 
reported  in  CERL  Technical  Report  N -60  for  most  armor 
and  artillery  weapon  systems. 


The  purpose  of  these  measurements  is  to  gather  required 
data  on  the  noise  emissions  of  small  Army  rockets.  These 
rocket*  are  characterized  by  a  plug  or  seal  at  the  motor  end 
which  bursts  or  explodes  shortly  after  ignition,  fhe 
primary  noise  to  be  measured  by  these  tesu  is  that  of  the 
burstir  r  explosion  of  this  plug  or  membrane  and  the 
subsequent  shock  wave  formed  by  the  engine  bum. 


*W.  A.  Clayden,  A.  O.  Walters,  A.  Hillman,  "A  Survey  of  UK 
Work  on  Noise  and  Blow  back  From  Man-Portable  Anti-Tank 
Weapons,  "  paper  presented  at  the  TTCPW2  Symposium  on  In- 
Bore  Dynamics  and  intermediate  Ballistics,  July  7  and  >,  1976, 
Mon- icy,  CA. 


1.  Primary  Weapons 

a.  I  .AW 

b.  Improved  l.AW  (VIPER) 

r.  row 
d.  DRAGON. 

2.  Second  Priority 

a.  STINGER  anti-aircraft  missile  system 

b.  Redeye 

c.  2.75-in.  rocket. 

3.  Airborne  Rockets 

a.  Helifire  (Helicopter  Launch  to  Antitank  Missile 
System) 

b.  M65  (Antitank  missile) 

c.  SS-11  missile. 


P-am-U 


Figure  Al.  DRAGON  missile  waveforms  (about  100  ir. 
to  the  rear;  FM  recording). 


Tart  Leerttanfi) 

It  is  desired  to  make  these  tests  as  pan  of  regularly 
scheduled  training  or  other  levs  rather  than  crate  a 
special  set  of  tests  just  for  these  measurements.  Thus,  the 
measurement  tarn  will  move  from  site  to  site  at  various 
times  in  order  to  accomplish  these  measurements.  To  the 
extent  possible,  however,  it  is  clearly  desirable  to  measure 
mote  than  one  rocket  at  the  same  location  in  approx¬ 
imately  the  same  timeframe.  For  proper  data,  the  test  site 
must  be  a  clear,  level,  open  area. 

T«rttrtup 

Measurements  will  be  done  like  those  already  employed 
for  the  dircnivity  patterns  til  armor  and  artillery  weapons. 
Specifically,  measurements  will  be  made  on  a  ring  having 
a  radius  of  250  m.  Additional  measurements  will  also  be 
made  at  distances  of  500  m,  and  at  one  site,  to  the  rear  of  the 
rocket  at  1000  m.  The  measurement  sites  are  shown  in 
Figure  A2.  Moat  of  these  sites  will  be  wired  by  landline  to 
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CERL's  instrument  van,  where  EM  recording*  will  be 
made  erf  the  noise  signatures.  The  other  sites  will  be 
manned  and  will  use  Nagra  recorders  and  a  special,  CERL- 
developed  modulation  system. 

As  with  the  heavy  weapons  measurements,  5  ib  (2.2  kg) 
of  C-4  set  plastic  explosive  on  a  post  about  3  ft  (0.9  m)  high 
will  be  used  to  calibrate  the  measurement  site  and  relate 
these  new  measurements  to  previous  weapons  measure¬ 
ments  and  previous  sound  propagation  work  by  CERL. 
These  C-4  calibration  charges  are  the  only  requirement 
CERL  has  which  may  in  any  way  affect  the  conduct  or 
order  of  other  training  or  tests. 


Approximately  5  to  10  measurements  are  required  far 
each  rocket-engine  combination. 

Support  Raqutrwnwda 

CERL  will  do  ail  the  measurements  and  data  analysis. 
The  acoustical  data  will  be  gathered  by  CERL  personnel 
using  CERL  equipment.  In  addition  to  firing  the  rocket- 
weapon  system,  the  facility  involved  will  have  to  supply 
about  one  to  two  personnel  trained  in  demolition  to  set  the 
C-4  explosive  charges  and  will  also  be  res pon stole  far 
safety  requirements  for  use  of  the  weapons  and  lor  the  C-4. 


Figure  A2.  Proposed  measurement  location*. 


APPENDIX  B: 

TttT  EQUIPMENT  SPECIFICATIONS 
AND  WIPING  OIAGRAMS 


Tabic  B1 

Microphone  Line  Driver  Part*  Lial 


Rl.  R5 . . 
R2,  RIO. 

R5 . 

Rl . 

R« . 

R7.  R8. . 

R9 . 

Rl  I.  RI2 
RID.  R14 


SOk.  1% 
100k.  1% 
1 .8M.  5% 

sook,  i% 

IM,  1% 
10.  5% 
I0K.  5% 
12k,  5% 

47.  5% 


Cl  ... 
(2  ... 
CS  ... 
C4.  (3 

ci; ... 
C7  ... 
(*.  (;i 


6-8  m< 

not  used 
8.2  pf 
100  pi 

0.01  m( 
220  |8 
not  used 


Ql .  SRS024 

Q2 .  SK3025 
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LMJOIAN 


Figure  B2.  Microphone  line  driver  printed  circuit  board. 


Tablets 

Pieaoretiative  Microphone  Preamplifier  Part*  Liar 


Gain  Deaired 


U-el 


0 

Short 

SO  pf  per  ceramic  diik 

190 

20 

8.1k  0 

20  pi  per  ceramic  diik 

170 

SO 

27.6k  n 

10  pi  per  ceramic  diik 

160 

SO 

284k  ft 

S  pi  per  ceramic  disk 

140 

Piezo  resistive  Microphone  Preomp 


to  ANSI  and  ISA 


WMMUNCI 

RANGE 

At  laaat  100  to  ISO  dB  SPL 

SENSITIVITY  (AT  19  VdC)’ 

-1 10  a  «B  ral  1  V  par  pbar  (oquNoMnt  to  69  fm  mV  at ISO  dB 

SPL  or  SIS  mV/pNV 

RESONANCE  FRSOUENCY 

48  000  Hz.  typical 

FREQUENCY  RESPONSE 

Within  ti  dB  to  9  000  Hz 

Within  t3  dS  to  more  than  10  000  Hz 

AMPLITUDE  LINEARITY 

*0E  dB.  100  to  ISO  dB  SPL 

VIBRATION  SENSITIVITY 

100  dS  SPL  at  1  pit  g.  typical 

WARMUP  TIME 

OOaae. 

BURST  PRESSURE 

>20  pal 

ELECTRICAL 

SUPPLY  VOLTAGE 

iSVde 

MAXIMUM  SUPPLY  VOLTAGE 

iSVdo 

ELECTRICAL  CONFIGURATION 

Four  aodvo  arm  piotoraaiatNo  Oridpo  In  aMeon 

POLARITY 

PoaMNo  output  tor  moraaaing  praaaw* 

RSStSTANCS 

Input 

1 900  o,  typical 

Output 

1  (00  a.  typical 

laowion 

1WM4Q  wUnOnum  at  10  Vdc.  laada  to  aoaa.  laudato  ahtaM  and 

1  •  a »  W* m*  mm  •  •  aMMi 

M.  MkwphoAa  tpariffauriowa. 
1C 


Km 

*— 

tat 

(Mm) 

« 

Mac) 

ratty 

Naha 

catty 

Main 

MM 

<»te> 

ftK> 

ratty 

Note 

catty 

Note 

II 

a 

(Mel 

ntty 

Note 

catty 

Note 

1 

C-4 

ISIS 

-111 

IMI 

«.! 

IMS 

*7.1 

ISO! 

-1*7 

1171 

IM.ft 

mi 

IMI 

I5I.S 

-111 

IMI 

IM* 

IMI 

IM.7 

2 

IM 

III! 

-111 

■a.i 

1  u 

IMS 

1*11 

ISI1 

-IS.7 

IM.I 

1*1.0 

IM3 

Ml 

IM.I 

-113 

IM.7 

1*13 

117.1 

M3 

1 

AruHm 

SwwmImhw 

IMS 

-111 

hi  i 

MS 

till 

*50 

1101 

-MM 

1110 

Ml 

IIS1 

*11 

1113 

-111 

IISl 

MS 

IISl 

SOI 

4 

Artillery 

SowuttfHN 

ISM 

-III 

IOII 

IMS 

IMI 

90.) 

1113 

-11  .1 

1101 

Oil 

110.1 

1501 

-111 

III.  7 
90S 

IISl 

MS 

S 

AmUrr* 

S«wiuk*NN 

190  1 

-111 

loss 

«3  1 

IMS 

Ml 

ISIS 

-IM 

IMS 

790 

IM1 

701 

IM.7 

-111 

•  1* 

ins 

»s 

ft 

Artillery 

SHdublOf 

131.0 

-111 

107.1 

Ml 

IM.7 

Ml 

IS03 

-11.4 

IM1 

on 

mi 

7*1 

191  T 

-111 

11*1 

ns 

mi 

711 

7 

Inillnt 

^inuIhii 

1)1.1 

-111 

100. 1 
Ml 

IM* 

•11 

IM.I 

-11.4 

1*71 

Ml 

INI 

711 

mi 

-111 

IMI 

HI 

mi 

Ml 

II 

ISIS 

•  111 

imi 

IM.7 

1171 

1013 

IS*  7 

-114 

117.7 

IMI 

Ml 

IM3 

-111 

IB3 

in; 

1171 

M  7 

* 

(-1 

IS2.7 

-111 

imi 

105  1 

1171 

IM.I 

IM  1 

-114 

IB  1 
1013 

IM.I 

M.7 

1  SI  1 

-11.1 

IMI 

MSI 

1X71 

Ml 

It 

Hand 

bmudr 

SmmImi 

ISM 

-111 

IMS 

Ml 

1071 

710 

ISI.0 

-114 

IM* 

701 

IM  1 
711 

ISM 

-111 

Mil 

1171 

1*1  7 

II 

Hand 

Cm  it 

ISM 

-111 

IMS 

MS 

IMS 

711 

IMS 

-114 

IM1 

711 

•MO 

70.7 

181 

-111 

Ml  3 

MS 

1171 

IS 

11 _ A 

MMM 

Caw* 

IMS 

-111 

IMS 

M.7 

1*7.0 

710 

IMS 

-114 

1*7  1 

Ml 

IMS 

701 

IM  7 

-111 

Mil 

1171 

IMI 

1*11  -11.7 


IMA  -M.7 


WJ  -117 


IMI  -HI  Ml  *7.1  1 

IMI 

IMI 

IMS 

-in 

Ml 

M.1  1 

1 

MU 

IMI 

1  IMI 

-iw 

771 

Ml  1 

i 

MM 

MO  7 

1  HU 

-HI 

Ml 

SM  1 

I 

IMI 

m i 

1  IMI 

•HI 

Ml 

Ml 

m 

mi 

-117 

IMI 

-Ml 

MM 

-Ml 

Hu  -Hi 

MM  -Ml 

HU  -HI 


I 


t 


I 


tat 

a 

tuts 

OKU 

tat 

m 

IK J 

C WXJ 

tat 

9 

nu/ 

C9L 

t«w 

Hm* 

(IW 

Ok) 

IMt 

Note 

(taO 

(te> 

Note 

Note 

(fte) 

(tel 

Note 

Note 

Cirwiih 

10X5 

106.5 

19.1 

Ml* 

19* 

19  7 

19 

S<M>llU»Q» 

in.  6 

-IM 

91 

TAlI 

ISOJ 

-114 

TOO 

70.0 

ill* 

-114 

117.1 

117.1 

HmmI 

Oitanlr 

105  4 

104.5 

1(00 

M4.7 

1*4.4 

19* 

M 

Straukaim 

1X1 

-IM 

HI 

75.2 

ISO* 

-ISO 

717 

740 

194 

-114 

117.2 

1170 

129  » 

1*7.1 

197 

19* 

1216 

121 1 

19 

M 

IU« 

-IM 

IW, 7 

1004 

1514 

-114 

100  1 

9.5 

140.2 

-12.4 

Axillary 

HmIi 

100.  A 

no 

97 

*7.0 

9.1 

M 

StmulMar 

1*0 

-194 

AM 

S0.A 

1*4.0 

-114 

91 

702 

110.2 

-111 

Artillrrf 

Fbli 

110  6 

100.0 

IIOl 

191 

19  7 

1070 

IT 

fcmubior 

IM  1 

-19.9 

•1.1  ' 

(01 

IU0 

-114 

TAX 

701 

19* 

-12  4 

vtiiirr> 

M 

IttJ 

1170 

194 

104  5 

90 

It 

Sunubtor 

191 

-119 

7*7 

710 

19.0 

-IM 

701 

740 

1*70 

-12  4 

19 

r*4 

1216 

1*00 

190 

1X70 

till 

199 

9t 

C4 

1  SIX 

-119 

107  5 

1060 

IM* 

-l*.l 

19* 

94 

IM.Z 

-114 

• 

DATS:  t  ATULU 


4 

§ 

0 

7 

tat  m 

nu. 

CKL 

tat  9 

TWU 

COOL/ 

tat  m 

19/ 

C MU 

tat  m 

ML 

COOL 

IfW  (tel 

Note 

Note 

(fte)  Ite) 

Note 

Note 

(fte)  (tel 

7W. 

Note 

(fte)  (tet 

Note 

Note 

194 

IOt.9 

lift 

19* 

194 

107.7 

190 

MM 

190  -117 

191  -11* 

700 

77* 

19*  -n.7 

•70 

710 

191  -111 

706 

90 

Its  4 

90 

190 

lti.4 

•91 

M7.X 

19.4 

Mil 

ISO  -117 

IMO  -11.9 

002 

n.t 

in4  -iiT 

*4.7 

90 

196  -111 

ms 

712 

1X70 

19* 

19* 

IMA 

19.7 

1X71 

114  1 

i:m 

IJCO  -117 

114.1  -190 

90 

MO 

191  -117 

91 

97 

116  7  -111 

92 

ms 

97 

9* 

94.7 

N04 

Ml  4 

MO* 

9.4 

90 

1*1.1  -117 

1*7.1  -lit 

91 

TO* 

190  -117 

MO 

90 

191  -111 

97 

71* 

190 

M40 

11*0 

. 

1110 

IMO 

191 

404.7 

1170  -11.7 

1*70  -no 

* 

* 

190  -117 

90 

000 

190  -1*0 

710 

91 

194 

97 

M74 

MOJ 

197 

NO* 

190 

191 

IMO  -117 

190  -110 

91 

740 

190  -117 

01.4 

770 

1*40  -111 

94 

91 

IMO 

197 

190 

1*70 

IMO 

mo 

IMO  -110 

970 

•70 

MU  -117 

MO  7 

07.4 

147.7  -MO 

90 

MO 

tl 


OATA  REDUCTION  TABLES 


The  C-4  blasts  just  before  and  just  alter  each  weapon 
event  or  series  of  events  wer*  avenged  to  fora  a  correction 
val  ue  that  would  con  vert  the  C-4  to  a  perfect  hemispherical 
source.  Each  weapon  was  then  averaged  by  station  and 


subtracted  from  this  correction  value  to  give  theramcted 
values  (or  each  weapon  at  end)  station.  These  values  wen- 
then  normalised  to  the  180*  position  and  used  to  form  the 
enures  (or  the  BNOISE  3.2  program. 


Table  Dl 

Bed  need  Data  —  LAW 


04  bogy  Averages 


1  Thmugh  4 

rim  LAW  Set 

Velar  Bet 

(law  04  Values) 

(Baw  Value) 

CamcdM 

1 

1 

lk«IC4 

IH9 

109.9 

♦.9 

1012 

-25.6 

1230 

106.0 

♦1.0 

107.6 

-212 

190.6 

119.3 

-.0 

117.5 

-113 

127.9 

121.3 

♦  1.9 

129.2 

46 

191.3 

117.5 

-1.5 

1160 

-13.0 

190.6 

129.0 

106.2 

-.0 

1060 

•210 

C-4  lacsgy 
ilk* 

3kw0  LAW  Set 

Vafcsr  Br 

(Baw  04 

Vabwe) 

(Baw  Valwt) 

Canwien 

Carnal  Vatav 

l»dC4 

1269 

104.2 

-.6 

1066 

-24.7 

127.0 

105.0 

♦3 

1063 

-no 

127.0 

127.3 

115.7 

♦.5 

♦1.0 

1162 

•hi 

1260 

1169 

-.5 

117.0 

-165 

1267 

120.3 

1062 

-.4 

105.0 

-215 

Avnqp  LAW  Data  Re 

Avamgt  LAW  Bate  Bn  »  »  al  C4 

Avco«r  LAW  Bata  Brs  5  » 
o(C-4  whbOdB 

5  lb  ef  C-4 

(catsactsd  in  be  syamMrlcal) 

wBrar  ♦OAdO 

-25.1 

-211 

-165  (Of) 

•HI 

-216 

-160(00*) 

-112 

-110 

-14  (IMP) 

-66 

-46 

60  (MOP) 

•11.0 

-110 

-5.4  (240*) 

-23.1 

-HO 

-160(90 T) 

•Itl  -J.l 


*■  (-163) 
W  (-17.1) 
0T  H40) 

mp<-40) 
iW  1*3.4) 
1ST  (-10) 


MT(M) 

*mp  <-«.•) 

NT  (-34) 

nr  (-*#» 
wr  (i3»» 

MTH7.ll 


A* -itl ♦  it**  tana 

M 

Asmgr— V> 


a 


I 


Table  Dt 

Mewl  Paw  —  TOW 


C-4  Feeepr  lama 

new  TOW  Set 

tolar  Bat 

(law  Ot  Vabaaa) 

(Saw  Vaiar) 

Caeieetiaa 

Caemed  Vatae 

5  ftaf  04 

124.1 

_ 

♦1.7 

•• 

123.1 

96.0 

♦17 

917 

-27.1 

125.4 

II  1.7 

♦.4 

till 

-117 

122.2 

114.2 

♦8.6 

117.8 

-10 

1210 

117.7 

-12 

115.5 

-10.3 

1212 

125.8 

101.9 

-14 

919 

-219 

iwwd  ni  Third 


04  tacvgr  Atetapi 

Second  TOW  Set 

Vaiar  Sat 

(tow  04  Vainer) 

(Saw  Value) 

! 

f 

Gaerecled  Value 

5  th  of  04 

124.3 

121.0 

♦  1.5 

1213 

-13 

1219 

97.9 

♦19 

1018 

-25.0 

124.6 

110.9 

♦  1.2 

1111 

-13.7 

122.6 

— 

♦3.2 

— 

— 

1211 

1114 

-13 

till 

-9.7 

1213 

125.8 

1011 

-15 

99.6 

-212 

Average  TOW  Data 

Adjnated  Average  TOW  Uata 

Average  TOW  Data 

Sat  5  ft  of  04  (dB) 

Be:  5  lb  ot  04  wi  th 

to:  9  ft  of  04  (dB) 

(corrected  to  ha  ar—rtriraf  (dBfi 

9  db  to  Saar  ♦  8L0dB 

-3.3  *(-30.0) 

-30.0 

-210(0*) 

-25.9 

-26.2 

-112(60*) 

-13.7 

-11.5 

-3.5  (120*) 

-8.0 

-10 

0.0(180*) 

-10.0 

-11.5 

-15  (240*) 

-26.5 

-212 

-112  (300*) 

-12.9 

-4.9 

Valaea  far  Table  I  (SNOOK  IS  bapat  OM) 
r  (-SS.O) 

so*  <-ii7) 

60*  (-112) 

90*  (-6.4) 

ISO*  (-15) 

ISO*  (-1.4) 


I0T(  10) 
210*  (-1.4) 
SO*  (-15) 
*70*  (-14) 
500*  (IIS) 
500*  (-117) 


A«-I19+  I19»  1011 

■  ■0 

Awns  *  -10 


*-8.5  (dB)  i*  atoee  a  neaaaw  of  Or  rochet  pawing  aaar  the  toin„ptvjne  than  a  ■aaawe 
ot  the  weapon  firing  nofar.  Haw,  k  ia  eadadad  Iran  farther  calculation  and  replaced 
by  -810  (dS)  dace  the  LAW  Ora  ebow  the  faaat  to  he  the  gal  cbm  position. 


t 


M 


,  .t  -»■  _  ' 

••  ■■  *•**'  '  '  "  1 

04  Energy  Arteaga 

1  Through  4 
(Raw  04  Value) 

First  Artillery 

Simulator  Set 
(Raw  Value) 

- - 

Cornered  Value 

127.0 

107.0 

♦.4 

107.4 

126.0 

111.9 

+1.4 

115.5 

127.4 

112.5 

00 

112.5 

126.8 

110.6 

+.6 

111.2 

128.8 

109.9 

-1.4 

108.5 

128.1 

107.8 

-.7 

107.1 

127.4 

Corrected  Average 
(M  Average 

110.6 

-127.4 

-16.8 

-5.0* 

-21.8 

Value  tf.  1-1/4  lb  o(  04 

Value  re:  5  lb  of  04 

110.6 

A  •  -21.8  ♦  119  *  97.2  -  Value  (or  Table  S  (BNOISE  5.2  Input  Data) 

•The  -5.0  dB  shift  from  Figure  17  o(  CERL  TR  N-98  plus  the  119  dB  converu  the  data 
to  if.  5  lb  of  04  set  ofl  on  the  ground  at  250  m. 


Table  D4 

Reduced  Data  —  Artillery  Flash  Simula  tor 


Flat  aai  Bawd 

04  Eactgy  Averages 
(Raw  04  Value) 

Artillery  Flash 

Simulator  See 
(Raw  Value) 

Correction 

Corrected  Value 

127.1 

115.7 

♦  1.2 

114.9 

126.8 

106.1 

♦  1.3 

107.6 

122.5 

105.8 

♦6.0 

109.8 

120.8 

100.9 

♦7.5 

1064 

ISS.1 

104.3 

-5.1 

90.2 

127.5 

107.1 

♦67 

107.8 

128.5 

Corrected  Average 

04  Avenge 

110.0 

128.5 

-18.5 

-5.0* 

-25.5 

Value  rr.  1-1/4  lb  of  04 

Value  re:  5  lb  of  04 

110.0 
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